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Abstract: Background: Nasopharyngeal carcinoma (NPC) remains as a devastating malignancy due to a lack of
effective therapy for recurrence and metastasis. Salvianolic acid A (SAA), a compound extracted from Salvia miltior-
rhiza, possesses a variety of biological properties such as antioxidant, antithrombotic, myocardial ischemia protec-
tion and anti-hepatic-fibrosis. However, the effect of SAA on NPC cells has not been clarified yet. Methods: NPC cell
lines and immortalized nasopharyngeal epithelial cells NP69 were treated with SAA at different concentrations
(0-40 uM). Series of relevant experiments were carried out to test the effect of SAA on the proliferation and migra-
tion ability of NPC and NP69 cells Pull-down assay and Western blot were used to find out the possible molecular
target of SAA. Results: Our results indicated that SAA could inhibit the proliferation of NPC cells in a dose and time
dependent manner. And SAA was able to weaken the clone-forming ability as well. Meanwhile, the migratory and
invasive capabilities were also attenuated. Moreover, SAA didn’t exhibit any cytotoxicity on immortalized nasopha-
ryngeal epithelial NP69 at the same treatment condition. Furthermore, high concentration of SAA could promote
the apoptotic of CNE2 and HNE1 cells dramatically. The results of in vitro pull down assay showed that SAA might
bind with Pin1 directly. And the results of western blot indicated that SAA could down-regulate the expression level
of cyclin D1, p53, p21 and Bcl-2, which are downstream substrates of Pinl. Conclusions: SAA exhibits anti-tumor
activity in NPC through down-regulating Pin1 and it may be a potential drug for NPC.
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Introduction distant metastases after radiotherapy or che-

mo-irradiation [5]. What's worse, these treat-

Nasopharyngeal carcinoma (NPC) is a type of
malignant tumor commonly occurred in Sou-
th Eastern Asia, especially in South-Eastern
China such as Guangdong and Hong Kong [1].
According to a report, there were estimated
86,700 new cases of NPC and 50,800 deaths
in 2012 worldwide [1]. The etiology of NPC
is broadly speculated to be associated with
Epstein-Barr virus infection, environmental and
genetic factors [2-4]. Radiotherapy was the
primary treatment for this cancer. However,
more than 30% of patients would experience
relapse either with loco-regional recurrence or

ments were inclined to cause serious adver-
se reactions and induce multidrug resistance
(MDR). Hence, it is of great urgency to identify
highly effective anti-NPC drugs with less seri-
ous adverse effects.

Salvia miltiorrhiza (SM, also called Danshen)
is a well-known traditional Chinese medicine,
which has been widely used in Asian and Wes-
tern countries for the treatment of various dis-
eases, especially for heart and brain diseas-
es [6, 7]. Salvianolic acid A is a water-soluble
compound which is extracted from SM. It is one
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of the most effective components of SM and
its’ structure is very simple. It has been report-
ed that SAA owns a number of pharmacological
functions such as antioxidant [8], antfibrotic
[9], antiplatelet and antithrombotic activities
[10]. In a word, SAA is regarded as a potential
drug with high efficacy, low toxicity, and low
cost. Recent studies have found that SAA might
be applied to oncotherapy. Researchers discov-
ered that SAA could inhibit proliferation, cause
cell cycle arrest at the S phase, and induce
apoptosis in breast cancer cells and lung can-
cer cells [11, 12]. At the same time, SAA also
acted as a supporter to conventional anti-can-
cer drugs in oncotherapy [13-15]. In this study,
our datas indicate that SAA exhibits prolifera-
tion-inhibiting, migration-suppressing and apo-
ptosis-promoting effects on NPC cells through
suppressing the activity of peptidyl-prolyl isom-
erase Pinl.

Methods and materials
Reagents and materials

Salvianolic acid A (SAA, >298% purity) powder
was purchased from Sigma-Aldrich (Shang-
hai). A stock solution of SAA was made at
10 mM in ddH,O and stored at -20°C. CN-
E2, HNE1, and NPG9 cells were obtained from
our research center. Fetal bovine serum (FBS),
RPMI-1640 medium, Keratinocyte-SFM and
0.25% trypsin were purchased from life te-
chnologies (Grand Island, NY, USA). The cell
counting kit-8 (CCK-8) was from Dojindo La-
boratories, Kumamoto (Japan). Cell-Light™ Edu
Apollo 567 in vitro Kit was purchased from
RIBOBIO (Guangzhou, China). The Annexin V-FI-
TC Apoptosis Detection kit was obtained from
Keygen Biotech (China). The agarose and CNBr-
activated Sepharose™ 4B were from Sigma-
Aldrich (Shanghai) Trading Co. Ltd. Transwell
Boyden chamber system containing a polycar-
bonate filter (6.5 mm in diameter, 8 ym pore
size) was from Corning Life Sciences. The poly-
vinylidene fluoride (PVDF) membrane was from
Millipore (USA). The antibody was purchased
from Cell Signaling Technology (CST).

Cell culture

The majority of methods were described in our
previous study [16]. NPC cell lines including
CNE2 and HNEZ1 cells were grown in RPMI-
1640 medium containing 10% FBS. Immorta-
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lized nasopharyngeal epithelial NP69 cells
were fostered in Keratinocyte-SFM containing
2% FBS. All cells were cultured at 37°C in
an incubator with 5% CO, and saturated hu-
midity. Cells stayed at the logarithmic phase
were used for the following experiments.

Cell counting kit (CCK)-8 assay

Logarithmically growing cells (2 x 103) were
seeded in 96-well plates. After cells attach-
ed to the wall of the plates, they were treated
with different concentrations of SAA (O, 10, 20
and 40 uM). After another 24 and 48 h of
culturing, CCK-8 was added to wells (at a final
concentration of 10%) and incubated for a fur-
ther 3 h at 37°C. The absorbance was mea-
sured by a spectrophotometric microtiter plate
reader (Dynatech Laboratories, Alexandria, VA)
at 450 nm. The experiment was performed in
triplicate.

EdU proliferation assay

CNE2 and HNE1 cells (2 x 10%) were seeded in
96-well plates and incubated under standard
conditions in complete medium for 24 h. The
culture medium was then changed to RPMI-
1640 containing 2% FBS with SAA in different
concentrations (0, 10, 20 and 40 uM). After
incubated for 48 h, cells were detected using
the incorporation of 5-ethynyl-2’-deoxyuridine
(EdU) with the Cell-Light™ Edu Apollo 567 in
vitro Kit. Briefly, the cells were incubated with
50 uyM EdU for 2 h. Then according to the ma-
nufacturer’s instructions, Apollo staining was
performed to examine the cells. The propor-
tion of cells that incorporated EdU was deter-
mined by fluorescence microscopy. The experi-
ment was performed in triplicate.

Foci-formation assay

For foci-formation assay, CNE2 and HNE1 cells
(500 cells/well) were seeded in 6-well culture
plates overnight. The culture medium was then
replaced with complete medium containing dif-
ferent concentrations of SAA (O, 5, 10, 20 and
40 uM) every 3 days. After 2 weeks of incuba-
tion, the cells were gently washed twice with
PBS, then fixed with methanol for 15 min, and
stained with 0.5% of crystal violet. Colonies
containing greater or equal to 50 cells were
manually counted. The experiment was per-
formed in triplicate.
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Soft-agar colony formation assay

The soft-agar colony formation assay was con-
ducted to detect the cellular transformation
in vitro. The lower gels (with the same volume
of 2 x RPMI-1640 medium and 1.2% agarose)
were added to the 6-well culture plates, and
incubated in room temperature. And it took
several minutes to solidify the lower gels in the
room temperature. CNE2 cells (1000 cells/
well) mixed with 0.4% semi-solid agar (with the
same volume of 1 x RPMI-1640 medium, 2 x
RPMI-1640 medium and 1.2% agarose) con-
taining different concentrations (O, 5, 10, 20
and 40 pM) of SAA were plated on the lower
gels. 100 pl of culture medium containing dif-
ferent concentrations of SAA was added to the
gels every 3 days to guarantee the nutrition
and pesticide effect. Colonies including more
than 100 cells were counted for statistics. The
experiment was performed in triplicate.

Wound healing assay

The wound healing assay was for probing col-
lective cell migration. CNE2 and HNE1 cells
(5 x 10% were seeded to the 6-well culture
plates for 24 h. The wounds were created by
20 pl tips, and washed with PBS twice. Pictures
of the wounds were captured under inverted
microscope. Serum-free media with different
concentrations (0, 10, 20 and 40 uM) of SAA
were added to wells respectively. Pictures were
captured after incubating for 12 h and 24 h.
The experiment was performed in triplicate.

Transwell Boyden chamber assay

Logarithmically growing cells were treated with
trypsin without EDTA and resuspended in se-
rum-deprived medium. The cell suspension (1 x
10° cells/well for invasion assay, 3 x 10* cells/
well for migration assay) containing different
concentrations of SAA (0, 10, 20 and 40 pM)
was added to the upper chamber (chambers
were pre-coated with matrigel for invasion
assay). In the lower chamber, RPMI-1640 medi-
um containing 10% FBS was added as a chemo
attractant. The cells were incubated for 48 h at
37°C in an incubator. The system was washed
with PBS twice. Cells on the top surface of the
chambers were removed with cotton swabs.
Membranes were then fixed with methanol for
15 min at room temperature, and stained with
0.5% crystal violet for 2 h. Five visual fields
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were randomly selected to be photographed
under a light microscope at 200 x magnifica-
tion. The experiment was performed in tripli-
cate.

Annexin V-FITC/PI double staining

Logarithmically growing cells (1 x 10° cells/
well) were seeded in 6-well plates. After cul-
tured for 24 h, the medium was replaced with
RPMI-1640 medium containing different con-
centrations of SAA (0, 10, 20 and 40 uM). After
incubated for 48 h, cells were collected and
washed with PBS twice. After resuspended in
binding buffer, cells were stained with Annexin
V-FITC and PI subsequently. Samples were in-
cubated in the dark for at least 15 min prior
to analysis using flow cytometry. The experi-
ment was performed in triplicate.

In vitro pull down assay

CNBr-Sepharose 4B beads were suspended
with 1 mM HCI medium and centrifuged at a
low speed for 3-5 times, and then mixed with
the same volume of SAA or ddH,O (solvent of
SAA, act as control group) in coupling buffer
(0.1 M NaHCO,, pH 8.3, 0.5 M NaCl) and rotat-
ed slowly at 4°C overnight. The beads were
washed to remove excess SAA with coupling
buffer at least five times, followed by incub-
ated in 0.1 M Tris-HCI buffer (pH 8.0) to block
remaining active groups for 2 h. Then the
beads were washed at least three cycles with
0.1 Macetate buffer (pH 4.0) containing 0.5
M NaCl and 0.1 M Tris-HCI containing 0.5 M
NaCl (pH 8.0). Both SAA-Sepharose 4B and
ddH,0-Sepharose 4B were combined with the
cellular supernatant fraction of CNE2 cells
(600 pg) in reaction buffer (50 mM Tris, pH 7.5,
5 mM EDTA, 150 mM NaCl, 1 mM DTT, 0.01%
NP-40, 2 pg/mL of BSA, 0.02 mM PMSF, 1 x
protease inhibitor cocktail). The beads were
gently rotated at 4°C overnight, and then wa-
shed with washing buffer (50 mM Tris, pH 7.5, 5
mM EDTA, 150 mM NaCl, 1 mM DTT, 0.01%
NP-40, and 0.02 mM PMSF) five times. Proteins
bound to the beads were eluted with protein
buffer and then examined by Western blot.

Western blot assay
Western blot assay was conducted to monitor

whether SAA affects the expression level of
proteins that were substrates of Pinl. CNE2
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Figure 1. Effects of SAA on cell growth of nasopharyngeal carcinoma (NPC) cells and immortalized nasopharyngeal
epithelial cells NP69. A. Structure of SAA is obtained from PubChem Compound database. B. NPG9 cells (2 x 103
cells/well) were seeded in 96-well plates and treated with different concentrations of SAA (O, 10, 20 and 40 uM)
and absorbance was examined using the CCK-8 assay every 24 h. C. CNE2 and HNE1 cells (2 x 103 cells/well) were
seeded in 96-well plates and treated with different concentrations of SAA (0, 10, 20 and 40 uM) and absorbance
was examined using the CCK-8 assay every 24 h. D. CNE2 and HNE1 cells were firstly treated with SAA for 48 h. Then
cells were stained by Apollo reaction buffer and Hochest reaction buffer, respectively. Finally, cells were observed

by fluorescence microscope.

cells (1 x 10° cells/well) were seeded in 6 cm of SAA for 48 h. The cells were disrupted in 150
dishes incubated for 24 h and then treated with pl lyses buffer. Proteins were collected and
different concentrations (0, 10, 20 and 40 uM) their concentrations were measured by the
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Figure 2. Effects of SAA on colony-forming ability of CNE2 and HNE1 cells. A. Cell colony formation was examined
using the colony formation assay. B. Data are presented as the mean + SD for foci-formation experiments, *P <
0.05; **P < 0.01. C. Colony-forming ability of CNE2 cells in soft agar. D. Data are presented as the means + SD for
colony-forming ability of CNE2 cells in soft agar experiments, **P < 0.01.

pierce™ BCA protein assay kit (Thermo Sci-
entific). Equal amount of the extract was sub-
jected to SDS-PAGE, and then transferred to
PVDF membrane, and blocked in 5% non-fat
milk for 2 h. The membranes were then incu-
bated with primary antibody at 4°C overnight,
prior to incubation with the secondary antibody
for 2 h. Protein expression level was visualized
by LI-COR Odyssey Infrared Imaging System.

Statistical analysis

All experiments in this study were replicated
for at least three times. And the values in this
article were exhibited as mean + standard de-
viation (SD). All statistical analyses and graph
drawing were performed by Graphpad Prism
(GraphPad Software, Inc. USA). All the compari-
sons between treated groups and the control
group were performed by using Two-tailed Stu-
dent’s t-test if appropriate. P < 0.05 was con-
sidered to be statistically significant.

Results
SAA inhibits the proliferation of NPC cells

CCK-8 assay was used to test the cytotoxicity
effect of SAA on NPC cell lines and immortal-
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ized nasopharyngeal epithelial NP69 cells. The
structure of SAA is obtained from PubChem
Compound database (Figure 1A). The results
of CCK-8 assay showed that different concen-
trations of SAA (10, 20 and 40 uM) could sig-
nificantly inhibit the proliferation of CNE2 and
HNE1 cell lines in a time and concentration
dependent manner (Figure 1C). At both 24 h
and 48 h, a concentration of 20 uM SAA had
slight inhibition (*P < 0.05) on the proliferation
of CNE-2 cells. As drug concentration incre-
ased up to 40 pM, the proliferation of CNE-2
cells was significantly inhibited (*P < 0.01).
Similar results were obtained using HNE1 cells.
Nevertheless, SAA had nearly no effect on the
proliferation of immortalized nasopharyngeal
epithelial NP69 cells at the same treatment
condition (Figure 1B). Edu assay was applied
to further test the effect of SAA on NPC cells
proliferation. The results indicated that SAA
could inhibit the proliferation of NPC cells in a
concentration-dependent manner (Figure 1D).

Effects of SAA on the colony formation ability
of NPC cells

Both foci-formation assay and soft agar colony
formation assay showed that SAA could also
inhibit the colony formation ability of NPC cells

Int J Clin Exp Med 2017;10(7):10214-10224
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Figure 3. SAA inhibited the invasion and migration ability of CNE2 and HNE1 cells. A. CNE2 and HNE1 cells were
treated with different concentrations (0, 10, 20 and 40 uM) of SAA to observe their migration ability. B. Transwell
Boyden chamber assays were performed to compare the invasion and migration potential of SAA at different con-
centrations (at 200 x magnification). C. The total numbers of cells in CNE2 cell line were counted under a micro-
scope in five predetermined fields (mean + SD, n=3, *P < 0.05; **P < 0.01; ***P < 0.001).

in a concentration dependent manner. For foci-
formation assay, the colony number in the
group exposed to different concentrations
of SAA (0, 5 and 10 pM) in CNE2 cells was
238.7+25.8, 188.0+18.5, and 125.3+5.8, re-
spectively. In HNE1 cells, the colony number
was 1173+13.1, 104.0+12.0, and 8.0+0.6,
respectively (Figure 2A and 2B). At 10 uM, the
colony formation abilities of both CNE2 cells
and HNEZ1 cells were significantly inhibited
by SAA (*P < 0.05, **P < 0.01). For soft agar
colony formation assay, the colony number in
the group exposed to different concentrations
of SAA (0, 5 and 10 uM) in CNE2 cells was
235.04£3.8, 204.0+£19.7, and 97.7+3.0, respec-
tively (Figure 2C and 2D). At 10 uM, the colony
formation ability of CNE2 cells was significant-
ly inhibited by SAA (**P < 0.01).

SAA affects the migration and invasion poten-
tial of NPC cells

Cell invasion and migration are key steps for
tumor metastasis. We detected the migration
and invasion potential of NPC cells by wound
healing assay and Transwell Boyden chamber
assay. The results of wound healing assay sh-
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owed that different concentrations of SAA
(20 and 40 pM) could significantly inhibit the
migration ability of CNE2 and HNEZ1 cell lines
(Figure 3A). The invasion ability of CNE2 cells
detected by Transwell Boyden chamber assay
showed that the number of CNE2 cells in
the group exposed to different concentration
of SAA (0O, 20 and 40 pM) invading through
the matrigel was 192.7+19.7, 106.0+6.1, and
51.7£2.2, respectively (Figure 3B and 3C). At
20 uM, the invasion ability of CNE2 cells was
significantly inhibited by SAA (*P < 0.05). The
migration ability of CNE2 cells detected by
Transwell Boyden chamber assay showed that
the number of CNE2 cells in the group expos-
ed to different concentration of SAA (O, 20
and 40 yM) migrating through the polycarbon-
ate membrane was 49.0+2.1, 38.3+0.9, and
13.3+0.7, respectively (Figure 3B and 3C). At
20 pM, the migration ability of CNE2 cells was
significantly inhibited by SAA (**P < 0.01).

Effects of SAA on apoptosis of NPC cells

We tried to investigate whether the prolifera-
tion inhibiting effect of SAA on NPC cells was
caused by the promotion of apoptosis. The

Int J Clin Exp Med 2017;10(7):10214-10224
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Figure 5. SAA binds with Pinl and modulates its sub-
strates. A. SAA was bound with Pin1. Lanes 1 showed
the total protein of cells. Lanes 2 and lanes 3 showed
the solvent group and SAA group respectively. B. SAA
down-regulated the protein levels of cyclin D1, p53,
p21 and Bcl-2.

results indicated that the apoptosis rate of
CNE2 cells exposed in different concentration
of SAA (0, 10, 20 and 40 uM) was 9.1%, 7.6%,
12.2% and 21.7%, respectively. In HNE1 cells,
the apoptosis rate was 7.5%, 6.9%, 8.5% and
15.1%, respectively (Figure 4A). The apoptotic
rate of CNE2 cells was significantly higher at
20 uM group than its control group (Figure 4B,
*P < 0.05). However, statistically insignificant
result was found at 20 uM group on HNE1 cells.
At the concentration of 40 uM, the apoptosis
of CNE2 and HNE1 cells was both dramatical-
ly increased compared with the control group,
respectively (Figure 4B, **P < 0.01, ***P <
0.001).

SAA binds directly with Pin1

Pinl is a peptidylprolyl isomerase (PPlase) that
plays an important role in cancer development.
The in vitro pull down assay was applied to in-
vestigate whether Pinl could be a direct tar-
get of SAA. The result demonstrated that Pinl
was directly bound with SAA (Figure 5A, lane 3).
The total proteins of CNE2 cells were loaded
as input (Figure 5A, lane 1) and no Pinl protein
was found in the solvent (Figure 5A, lane 2).

SAA reduced the expression of Pinl substrates

The protein level of several Pinl substrates,
such as cyclin D1, p53, p21 and Bcl-2 could
be modulated by Pinl [17-21]. Western blot was
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used to detect whether the protein level of th-
ese Pinl substrates was affected by SAA. The
results demonstrated that SAA could down-
regulate the proteins level of cyclin D1, p53,
p21 and Bcl-2 (Figure 5B). The de-regulation of
these proteins was obvious when SAA was at
high concentration.

Discussion

Approximately 86,700 new cases and 50,800
deaths of NPC occurred in 2012 worldwide [1].
The tolerance of radiation therapy [22] and the
multi-drugs resistance [23] are the principal
cause of the failure in anti-tumor therapy. Along
with the development of medical technology,
the survival rate of patients with NPC is increas-
ing. However, NPC remains to be a devastating
malignancy because there is no effective thera-
py for patients with recurrence and metastasis.
Therefore, it is a matter of great concern for re-
searchers to find out more target-specific anti-
tumor drugs which are of high efficiency, low
toxicity and preferable curative effect.

In the past several decades, researchers have
demonstrated that natural compounds extract-
ed from traditional Chinese medicine possess
strong potential anti-tumor effect. Till now, not
a few natural compounds have developed as
commonly used anti-cancer drugs such as Pa-
clitaxel and Vinblastine. These Chinese herbal
medicines have even taken over a dominant
percentage of the clinical therapy market [24,
25]. Salvianolic acid A (SAA) is a compound
extracted from Salvia miltiorrhiza which pos-
sesses a wide range of biological properties
[26, 27]. As a matter of fact, SAA performs well
in the treatment of cardiovascular diseases. In
recent years, many investigators have been in-
terested in studying the antitumor activity and
the potential anti-tumor mechanisms of SAA.
Finally, SAA has been shown to induce apopto-
sis [9] and inhibit metastasis [28] in various
cancer cell lines. Recently, SAA was found to
inhibit the proliferation of several tumor cell
types as well [29, 30]. In our study, it was sh-
own that SAA markedly inhibited the prolifera-
tion and clone-forming ability of CNE2 and
HNEZ cells. SAA had nearly no cytotoxicity on
the proliferation of immortalized nasopharyn-
geal epithelial NP69 cells, which means that
SAA was a safe compound. SAA was also re-
ported to inhibit the migration and invasion in
breast cancer cells by inactivating transgelin-2

Int J Clin Exp Med 2017;10(7):10214-10224
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protein [15]. Our results further indicated that
SAA significantly decreased migration and in-
vasion potential of CNE2 and HNE1 cells in a
dose and time-dependent manner. While Me-
tastasis and invasion were the major causes of
NPC mortality [31], SAA was a promising can-
didate compound for the treatment of NPC.

The most recent studies indicate that Pinl
plays an important role in the transformation
and oncogenesis of carcinoma cell [17], and
may be a protein target for drug treatment of
tumor. It is an approximately 18 kDa protein
composed of two functional domains: the N-
terminal WW domain (1-39 amino acids) and
the C-terminal PPlase domain (45-163 amino
acids). Pinl selectively recognizes phosphory-
lated Ser/Thr-Pro (pSer/Thr-Pro) peptide sequ-
ences and catalyzes the conformation of sub-
strates after their phosphorylation to further
control protein function [32-36]. For example,
Pinl regulated Akt stability and phosphoryla-
tion through the phosphorylated Thr-Pro motifs
of Akt [37]. It was reported that the minor ge-
notype of Pinl promoter was associated with
decreased risk of NPC in a Chinese popula-
tion [38]. The potential anti-tumor mechanism
of SAA was further explored in our study. Our
results revealed that SAA might exert its anti-
tumor activity through the specific binding to
Pinl. Furthermore, our data indicated that SAA
down-regulated the protein expression of Cyclin
D1, P53, P21 and Bcl2, which were the most
important Pinl substrates [17]. P53 [39], P21
[40] and Bcl2 [41] are well-known apoptosis
related proteins. The SAA affecting expression
of these proteins could further elucidate the
apoptosis found in NPC cells treated with SAA.

It was reported that SAA could not only up-reg-
ulate the phosphorylation of PTEN protein level
[11], but also markedly down-regulate the pro-
tein expression levels of Src phosphorylation
(phospho-Src), Akt phosphorylation (phospho-
Akt), and NADPH oxidase 4 (Nox4) in a concen-
tration-dependent manner [42]. SAA could re-
verse the paclitaxel resistance by suppress-
ing transgelin 2 [15] or attenuating PI3K/Akt
pathway [13]. Besides, S-3-1, a synthetic inter-
mediate of a SAA derivative, existed strong
functional activity to suppress the growth of
mouse tumors through the inhibition of the
function of Ras oncoprotein, the up-regulation
of expression of P53 tumor suppressor gene
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and the interruption of P46-associated mito-
gen-activated pathway [43]. Our data indicated
that peptidylprolyl isomerase Pinl was a poten-
tial target of SAA.

In brief, our research indicated that SAA sup-
pressed the proliferation and colony formation
ability, migration and invasion potential of CN-
E2 and HNE1 cells, bound with Pin1 and pro-
moted apoptosis by affecting the Pinl signal-
ing pathway. Our results implied that SAA may
be a potential drug for nasopharyngeal carci-
noma.
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